A new alkaloid named stemospironine (I) was isolated together with stemofoline (II) as the main insecticidal constituents of leaves and stems of Stemona japonica Miq. The absolute stereostructure of I has been determined by X-ray crystallographic analysis. Stemofoline (II) showed a much stronger activity than I against silkworm larvae (Bombyx mori L.) by oral administration.
The root of Stemonaceae plants has been called Stemonae radix. In former days water extracts from the radix were utilized to eradi cate zooparasites on men and cattle or agri cultural pests." Even now, the extracts are used locally as domestic insecticides for agricultural insect pests in China.') From the root of Stemona japonica Miq. (Stemonaceae) have hitherto been isolated several alkaloids: stemonine (III)," stemonamine,4) isostemona mine4) and protostemonine. 5) Irie et al. recently isolated a new alkaloid named stemofoline (II) from leaves and stems of this plant and established the structure as II by X-ray crystallographic analysis." However, the insecticidal activity of the individual alkaloid has never been examined up to now.
During our screening search for new in secticides among traditional drug plants, we found that the extracts from the fresh leaves of Stemona japonica showed marked insecti cidal activity against silkworm larvae (Bombyx mori L.) by oral administration." Then we attempted the isolation of the components responsible for the activity and finally isolated two active principles. One was identified as stemofoline (II) and the other was found to be a new alkaloid, which we named stemospiro nine (I). In this paper we wish to describe the details of the isolation and structural deter mination of I as well as insecticidal activities of I and II. This is the first report to reveal the remarkable insecticidal activity of I, II and III.
During the isolation procedure the insecti cidal activity of each fraction was bioassayed by oral administration to fourth instar larvae of silkworm in the manner reported previ ously." Fresh leaves and stems of Stemona japonica Miq. harvested in June 1975 were extracted with methanol. The extracts were separated into acidic, neutral and basic frac tions according to the conventional method. Remarkable insecticidal activity was found in the basic fraction. The outline of the isolation procedure is illustrated in Fig. 1 .
The basic fraction was subjected to pre parative silica gel thin-layer chromatography (TLC). As shown in Fig. 2 , two fractions (fractions B and D) showed strong toxicity. The modes of action were quite different from each other: the fraction B showed acute toxicity leading to death, while the fraction D made the body of the larvae flabby to death.
The fraction B was purified by preparative silica gel TLC followed by alumina column chromatography.
An active principle thus obtained was identified as stemofoline (I1) by comparison of its PMR and mass spectra with those of the authentic sample.
The fraction D was subjected to preparative silica gel TLC in the same way as in the case of the fraction B. The active fraction was finally purified by alumina chromatography to give another active principle which we named stemospironine (I): C19H29NO5; [a]D -8.2° (c=0.92, CHC13).
In the PMR spectrum* of I were observed diagnostic signals due to two secondary 
FIG. 3.
We attempted the structure determination by X-ray crystallographic analysis. The hydrobromide of I was crystallized from methanol-ethyl acetate into needle-like single crystals: C19H29NO5 • HBr; mp 283 -4°C (dec.). The crystals are orthorhombic: space group P212121 with Z=4; a=12.372, b=18.985, c= 8.454A; V=1986 A3. The X-ray intensity data were collected with Cu-Ka radiation up to 2 limits of 130°. The structure was solved by the heavy-atom method. The block diagonal least squares refinements on F values, using anomalous dispersion factors for Br atom,') with anisotropic thermal factors for the heavy atoms and isotropic ones for the hydrogen atoms, resulted in unweighted agreement factors, R, of 3.29 % for the absolute configura tion shown in Fig. 3 and 4.53 % for its optical antipode. The significant tests' on the ratio of the two R factors and the 1834 independent reflections used in the least-squares refinement indicated a confidence level of better than 99.5 % for the structure I. Consequently, the absolute configuration of stemospironine has been established as I and a perspective view of the molecule along the axis which was turned 20° clockwise around c axis is shown in Fig. 3 together with bond lengths. Bond angles in the structure are depicted in Fig. 4 . For the most part the corresponding bond lengths and angles are not significantly different from the expected values. The absolute stereochemistry of I is rationalized by the relation to that of stemonine (III), which was determined ab solutely by a crystallographic method. 3) Stemospironine (I) has a pyrrolo[1,2-a]aze pine ring system, which is common in the and Ill were, to our surprise, completely inactive against fifth instar larvae of cabbage army worm (Mamestra brassicae L.) even at a dose of 100 ppm through oral administration.
We also compared the toxicity of the alka loid fraction from leaves and stems with that from roots to the silkworm larvae, and found clear difference between the symptoms and degree of the toxicity caused by both fractions. The fraction from the leaves and stems caused the shrinking of the body as observed for II and showed 100%. mortality at a dose of 100 ppb after 144 hr. The toxicity is 10 times as strong as that of the fraction from the roots. On the other hand the fraction from the roots brought about marked softening of the body which is characteristic symptom caused by I and III. This might suggest that II is not present in roots.
Since stemonine (III) showed a similar Rf value to that of I on a thin-layer chromato gram developed with the solvent system shown in Fig. 2 , it should be detected in the fraction B if it were present in the extracts. However, we were unsuccessful to isolate III from the Fraction B. Therefore, it may be concluded that III is not produced in leaves and stems of S. japonica.
EXPERIMENTAL
The IR and PMR spectra were recorded on a Shimadzu IR-27G infrared spectrophotometer and a Varian HA-100D NMR spectrometer, respectively. High and low resolution mass spectra measurements were performed on a JEOL JMS-O1SG and a Hitachi RMU-6MG spectrometers, respectively.
Carbon-13 NMR spectra were determined on a JEOL FX-100 FT-NMR spectrometer using tetramethylsilane as an internal standard. Chemical shifts are expressed in 6 values and multiplicity of each signal as s (ringlet), d
(doublet), t (triplet), q (quartet) and m (multiplet). The X-ray intensity data were collected on a Rigaku four-circle automated diffractometer with Cu-Ka radiation.
Bioassay
Insecticidal activities of each fraction or sample against fourth instar larvae of Bombyx mori L. and fifth instar ones of Mamestra brassicae L. were estimated by oral administration of artificial diet containing a definite concentration of the sample as reported pre viously.,)
Isolation of active principles from Stemona japonica
Miq.
The leaves and stems of Stemona japonica Miq. were harvested at the Kyoto Herbary of Takeda Chemical Industries Ltd. on the 3rd of June in 1975. The fresh leaves and stems (1.4 kg) were soaked in 5 liters of methanol for a week. The methanol extracts were taken by filtration and the residue was again soaked in 5 liters of fresh methanol for a few days. The methanol extracts were combined and concentrated in vacuo. A portion (3/10) of the extracts were added with ether and separated into ether-soluble acidic, neutral and basic fractions by the conventional method.
Strong in secticidal activity was found in the basic fraction. The fraction was evaporated to dryness to yield 1.35 g of basic matter, which was subjected to preparative TLC [silica gel GF254 (Merck); 7 plates (20 x 20 cm) of 1 nun thickness; CHCl7-MeOH-acetic acid-water=65:20: 10:4; elution was made by CHCl3 MeOH-3: 1]. Fractionation was made as shown in Fig. 2 .
The fraction B was purified by preparative TLC (silica gel GF254; 3 plates of 1 mm thickness; CHC13-n-propanol-EtOH-acetic acid-water= 70: 10: 15: 5 : 2). The active fraction was evaporated to dryness and dissolved in 300 ml of ether. The ether solution was washed with 20% aq. Na2CO3, dried over anhydrous sodium carbonate and evaporated to dryness. The resulting free bases were dissolved in a small volume of benzene and applied on top of the neutral alumina (Woelm; 50 g) column packed with benzene.
The column was developed with benzene containing ethyl acetate increasing the amount stepwisely (5, 10, 20, 30 and 40%). The active fractions gave 198 mg of an alkaloid, which was identified as stemofoline (II) s> The UV, PMR and mass spectra of the alkaloid completely coincided with those of the authentic specimen.
The fraction D was purified by preparative TLC (silica gel GF254; 3 plates of 1 mm thickness; CHCl3-benzene-MeOH-acetic acid-water=60: 20:20:5:2). The free bases obtained from the active fractions after the same treatment as in purification of fraction B were chromatographed on a neutral alumina (20 g . X-ray structure analysis Precession and Weisenberg photographs established that the crystals of the hydrobromide were ortho rhombic with the systematic absence of h00,h=2n+1, OkO, k=2n+1, and 001, 1=2n+l, consistent with space group P212121. Cell constants of a=12.372 (5), b= 18.985 (6), c=8.454 (4) A were determined from high order reflections on a Rigaku four-circle automated diffractometer. The unit cell volume is 1985.7 A3, yielding a calculated density of 1.446 g.cm`3 for M=432.4 and Z=4. The scattering factors for Br, 0, N, C and H were from the usual tabulation." The final atomic coordi nates are listed in Table TT_ 
